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© Wireless communication system having antenna diversity. 

(§7) A wireless communication system (10) in- 
cludes a plurality of stations (12) each having a 
plurality of antennas (14,16). A first packet (120), 
containing a training signal portion (122) is 
transmitted from a transmitting station using a 
first selected antenna and received at a receiv- 
ing station using a second selected antenna 
which is selected as the antenna giving the best 
received signal quality, determined during the 
training signal period. Following transmission 
of the first packet a control signal (ACKCNTL) 
is generated in both the transmitting station and 
the receiving station to condition these stations 
for the transmission from the receiving station 
of a response packet (136) via the same antenna 
pair used for the information packet transmis- 
sion- Thus, the response packet (136) need have 

... on| y ?- r ? lative,v short training signal portion FTC 1 < 
(138). avx» J. 
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This invention relates to a wireless communica- 
tion system and to a method of operating such a sys- 
tem. 

An important effect in wireless communication 
and especially indoor radio data communication is 5 
fading. This is the phenomenon which occurs when 
multiple copies of an omn (directed transmitted signal 
arrive at a receiver antenna via different paths, hav- 
ing different propagation delays. The signals will add 
together, but with different relative phases with re- 10 
spect to each other, which may result in an increased 
signal level, but may also result in a much lower level 
signal when multiple received signals cancel each 
other out, depending on the relative phases of the sig- 
nals. 15 

To deal with this phenomenon, wireless commu- 
nication systems need to be designed with significant 
margins in the receiver dynamic range, such that the 
added attenuation as a result of a fade can be over- 
come. The probability of a signal level at a given dis- 20 
tance between the transmitter and the receiver is giv- 
en by a so-called Rayleigh attenuation model. Main- 
taining a given margin for this effect results in a so- 
called outage probability, which is the probability that 
a fade is so deep that the signal cannot be received. 25 
The outage probability can be significantly reduced 
if more than one antenna is used for reception of the 
signal, as long as the received signal levels on the an- 
tennas are independent or uncorrected. 

Different methodologies can be used to combine 30 
the signals received over the antennas. One of the 
methods which can be implemented with only a single 
radio receiver is the so-called selection diversity sys- 
tem, which selects the best antenna based on the 
measured signal quality. The resulting outage prob- 35 
ability of such a system is the product of the individual 
probabilities, and is therefore considerably reduced. 

Such a selection diversity system is described, 
for example, in US Patent No. 5,131,006, which dis- 
closes a wireless local area network including a plur- ao 
ality of stations adapted to communicate with one an- 
other over a common wireless communication chan- 
nel. Each station has two antennas, which are pola- 
rized in different directions, such as at right angles to 
each other. Packets transmitted in the network in- 45 
elude an initial training signal portion which extends 
over a plurality of antenna selection periods, referred 
to as antenna slot periods. During the receipt of a 
training signal at a station, the station alternates be- 
tween its antennas for a plurality (e.g. four) of succes- so 
sive antenna slot periods, the received signal quality 
for the respective antennas is measured, and the sta- 
tion selects the antenna giving the better signal qual- 
ity for receipt of the subsequent portion of the trans- 
mitted packet This procedure has the disadvantage 55 
that a long training signal is needed for each transmit- 
ted packet to enable the antenna selection procedure 
to be effected. 



It is an object of the present invention to provide 
a wireless communication system wherein the time 
overhead of the communication medium is reduced. 

Therefore, according to one aspect of the present 
invention, there is provided a method of operating a 
wireless communication system including a plurality 
of stations each having a plurality of antennas, includ- 
ing the steps of: selecting a first antenna at a first sta- 
tion for transmitting a first packet to a second station; 
and selecting a second antenna at said second sta- 
tion for receiving the transmitted first packet, charac- 
terized by the steps of: transmitting a response pack- 
et from said second station utilizing said second an- 
tenna; and receiving said response packet at said first 
station utilizing said first antenna. 

According to another aspect of the present inven- 
tion, there is provided a wireless communication sys- 
tem including a plurality of stations each having a 
plurality of antennas and including antenna select 
switching means, wherein first antenna select switch- 
ing means at said first station is controlled to select 
a first antenna for transmitting a first packet to a sec- 
ond station and second antenna select switching 
means at said second station is controlled to select a 
second antenna to receive the transmitted first pack- 
et at said second station, characterized in that, in re- 
sponse to receiving said first packet, said second 
switching means is controlled to enable the transmis- 
sion of a response packet utilizing said second anten- 
na and said first switching means is controlled to en- 
able the receipt of response packet utilizing said first 
antenna. 

It will be appreciated that in a wireless communi- 
cation system according to the invention the loading 
of the time overhead of the communication medium 
is reduced, since the use of the same antenna pair to 
transmit the response packet as was used to transmit 
the first packet enables a shorter training signal to be 
utilized for the response packet. This advantage aris- 
es since, in a wireless transmission channel, the at- 
tenuation from a transmit antenna to the receive an- 
tenna is the same as from the receive antenna to a 
transmit antenna, since the wireless transmission 
channel has identical characteristics in both direc- 
tions. 

One embodiment of the present invention will 
now be described by way of example, with reference 
to the accompanying drawings, in which:- 

Fig. 1 is a diagram of a wireless -communication 
system including a plurality of stations; 
Fig. 2is a block diagram of a typical one of the sta- 
tions shown in Fig. 1; 

Figs. 3A and 3B are a flowchart illustrating the 
operation of a transmitter included in the station 
shown in Fig. 2; 

Fig. 4is a flowchart illustrating the operation of a 
receiver included in the station shown in Fig. 2; 
and 
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Fig. 5 is a timing diagram illustrating packet 

transmission between two stations. 

Referring first to Fig. 1, there is shown a wireless 
communication system 10 including two stations 12, 
referenced individually as stations 12-1 and 12-1. The s 
stations 12 each have two antennas 14 and 16, which 
are shown individually as antennas 14-1 and 16-1 for 
station 12-1 and as antennas 14-2 and 16-2 for sta- 
tion 12-2. The antennas 14,16 may be polarized in dif- 
ferent directions, such as at right angles to each other. to 
By selecting the antenna 14 or 16 giving the better re- 
ceived signal quality the probability of outage, that is, 
a signal fade which is so deep that the signal cannot 
be effectively received, is considerably reduced. As 
mentioned hereinabove a procedure for effecting an- 15 
tenna selection is described, for example, in US Pa- 
tent No. 5,131,006. 

It should be understood that in practice the two 
stations 12-1 and 12-2 may be augmented by a plur- 
ality of further stations 12 (not shown), such that the 20 
wireless communication system 10 operates as a lo- 
cal area network (LAN). The stations 12 may be fixed 
or may be mobile (portable) stations. In another ar- 
rangement one of the stations may serve as an ac- 
cess point to a backbone wired LAN (not shown). 25 

Referring now to Fig. 2, there is shown a simpli- 
fied block diagram of station 12, showing in particular 
the features which are important to the present inven- 
tion. The station 12 includes a transmitter 20, a re- 
ceiver 22 and a wireless MAC (medium access con- 30 
trol) control circuit 24. The station 12 also includes an 
antenna select switch 26 for selecting one of the an- 
tennas 14,16, and a transmit/receive mode switch 28 
connected to the antenna select switch 26 via a line 
30. The transmit/receive mode switch 28 is operated 35 
according to whether the station 12 is in transmit 
mode or receive mode. A switch control circuit 32 is 
provided to control the operation of the switches 
26,28. 

Lines 34,36,38 and 40 connect between the 40 
transmitter 20 and the wireless MAC control circuit 24 
and carry, respectively, signals RTS (request to 
send), CTS (clear to send). TxC (transmit clock) and 
TxD (transmit data). Lines 42,44,46 and 48 connect 
between the receiver 22 and the wireless MAC con- 45 
trol circuit 24 and carry, respectively, signals MBUSY 
(medium busy), CRS (carrier sense). RxC (receiver 
clock) and RxD (receive data). The various signals on 
the lines 34-48 are standard signals used in local area 
network systems. An additional signal ACKCNTL is so 
provided on a line 50 by the wireless MAC control cir- 
cuit 24 to the switch control circuit 32 as a control sig- 
nal for an acknowledgement operation, as will be ex- 
plained hereinafter. 

The switch control circuit 32 provides a short 55 
training control signal on a line 52 to the transmitter 
20 and the receiver 22. The switch control circuit 32 
also provides a transmit/receive mode control signal 



via a line 54 to the mode control switch 28, and an an- 
tenna selection control signal via a line 56 to the an- 
tenna select switch 26. 

It is emphasized that Fig. 2 is a representation of 
a typical station 12, the components thereof having 
generalized reference numbers. Thus the station 12- 
1 includes transmitter 20-1 , receiver 22-1 , switch con- 
trol circuit 32-1 etc., and station 12-2 includes trans- 
mitter 20-2, receiver 22-2, switch control circuit 32-2, 
etc. 

Referring now to the flowcharts 70 and 100 of 
Figs. 3A, 3B and 4, the operation of the wireless com- 
munication system 10 (Fig. 1) will be described, with 
reference also to the timing diagram of Fig. 5. Figs. 3A 
and 3B show a flowchart 70 which illustrates the op- 
eration of the transmitter 20 (Fig. 2) whereas the flow- 
chart 100 of Fig. 4 illustrates the operation of the re- 
ceiver 22 (Fig. 2). 

Starting in the transmit idle state (block 72 Fig. 
3A) the transmitter 20 waits for an RTS (request to 
send) signal (block 74). When an RTS signal (Fig. 5 
line (1)) is generated on the line 34 (Fig. 2), indicating 
that the station 12 wishes to transmit a packet, an en- 
quiry is made (block 76) as to whether the ACKCNTL 
signal is on. Assuming that the packet to be transmit- 
ted is an information packet, then the ACKCNTL sig- 
nal is not on, and the flowchart 70 proceeds to block 
78, which shows that a particular one of the two an- 
tennas 14,16, referred to as the default transmit an- 
tenna, is selected as the antenna for transmitting the 
information packet For example, in the system 
shown in Fig. 1, transmitting station 12-1 may select 
the antenna 14-1 as the default antenna for transmis- 
sion. As shown in block 80, the information packet is 
transmitted with a normal length training signal. Re- 
ferring briefly to Fig. 5, line (6) shows an information 
packet 120, consisting of a normal length training sig- 
nal 122, followed by a standard format MAC informa- 
tion frame 124, the contents of which are not perti- 
nent to the present invention, and therefore will not be 
described herein. The training time 126 is initiated in 
the transmitter 20 (Fig. 2) upon receipt of the RTS sig- 
nal on the line 34, which initiates operation of a train- 
ing signal timer (not shown), upon the time-out of 
which, a CTS (clear-to-send) signal is sent over the 
line 36 to the wireless MAC control circuit 24 which re- 
sponds by sending the data signals TxD over the line 
40, with a timing determined by the TxC dock signals 
on the line 38. Such TxD signals constitute the MAC 
information frame 124 of the packet 120 (Fig. 5, line 
(6)). 

Assuming that an acknowledgement packet 
(ACK packet), that is, a packet which indicates correct 
reception of the information packet is expected from 
the destination station 12 of the information packet 
120, the wireless MAC control circuit 24 issues an 
ACKCNTL signal on line 50 (Fig. 2) as shown in Fig. 
5, line (3). The ACKCNTL signal 130 commences, as 
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shown by rising edge 130, when the transmitted infor- 
mation packet 120 terminates. However, an earlier 
rise time for the ACKCMTL signal is possible, as 
shown by dashed line 132. The ACKCNTL signal is 
applied to the switch control circuit 32. The switch s 
control circuit 32 changes over the mode control 
switch 28 to the receive mode and, responsive to the 
active ACKCNTL signal, causes the antenna select 
switch 26 to maintain the selected antenna as the an- 
tenna 14 or 16 which was used to transmit the infor- 10 
mation packet, i.e. the default antenna. The operation 
is illustrated in blocks 82 and 84, Fig. 3B. The default 
transmit antenna is maintained as the receive anten- 
na until the ACKCNTL signal becomes deactive 
(block 84), whereafter normal receiver antenna seleo- 1 s 
tion, based on the best quality received signal, is re- 
sumed (block 86). 

It should be understood that there may be some 
situations where an acknowledgement packet is not 
expected, for example, if the transmitted information 20 
packet is a broadcast packet, i.e. a packet in a net- 
work transmitted to all stations in the network, rather 
than to a single destination station. Thus, if the deci- 
sion block 82 indicates that no ACKCNTL signal is 
generated, the flowchart 70 proceeds directly to block 25 
86 and normal receive antenna selection is resumed. 

Following a conventional interframe spacing 
(IFS) time interval 134, the receiving station trans- 
mits an acknowledgement packet 136 having a short 
training signal portion 138 and a remaining portion 30 
140 which addresses the station which transmitted 
the information packet and may contain additional 
conventional packet portions which are not relevant 
to the present invention and therefore will not be de- 
scribed. 3S 

It should be understood that the transmitting and 
receiving stations are already in antenna slot syn- 
chronization, that is, the antenna slot timing periods 
of the two stations are synchronized. It will be appre- 
ciated that the time interval 142 between the com- 40 
mencement of the ACK packet 136 on the transmis- 
sion medium and the rise of the MBUSY signal. Fig. 
5, line (4), at the station which receives the ACK pack- 
et, corresponds to an antenna slot time period, and 
that no training time is wasted as a result of lack of 45 
antenna slot synchronization since the receiving sta- 
tion transmits the acknowledgement packet with a 
timing such that the antenna slot timing of the station 
which transmitted the original information packet is 
optimally synchronized to receive the acknowledge- so 
ment packet 

The operation at the receiving station of a trans- 
mitted information packet will now be described. Re- 
ferring to Fig. 5, lines (7) to (11), it is seen that follow- 
ing the deactivation of the MBUSY and CRS signals, 55 
the ACKCNTL signaf at the receiving station is activat- 
ed on the line 50 thereby causing the switch control 
circuit 32 to issue a signal on the line 52 identifying 



that a short training signal is to be transmitted and via 
the line 56 maintaining the antenna select switch 26 
such that the same antenna 14 or 16 used for trans- 
mitting the ACK packet 136 (Fig. 5) as was used for 
receiving the information packet 120 (Fig. 5). Thus 
the transmitter 20 of the receiving station is condi- 
tioned, after the expiry of the interframe spacing per- 
iod 134 on the rise of the RTS signal (Fig. 5, line (10)), 
to transmit an ACK packet 136 having a short training 
signal portion 138, using the same antenna as re- 
ceived the information packet The activation of the 
CTS signal (Fig. 5, line (11), defines the termination 
of the short training signal time period 144, Fig. 5. 
Thereafter the remaining portion 140 of the ACK 
packet 136 is transmitted on the TxD line 40, using 
the transmit clock signals TxC on the line 38, and 
without any defer such is the case for information 
packet transmissions according to the utilized 
CSMA/CA protocol when the medium is sensed as 
busy. 

Referring briefly to Figs 3A and 3B, the above- 
discussed procedure is illustrated by noting that at 
decision box 76, if the ACKCNTL signal is determined 
as on, as is the case for the receiving station of an in- 
formation packet then the last receive antenna is se- 
lected as the transmit antenna (block 88) and the ACK 
packet is sent with a short training signal portion 
(block 90). 

Referring now to Fig. 4, the above-described op- 
eration of the receiver 22 is illustrated by flowchart 
100. Starting from the idle state 102, the flowchart 
100 proceeds to decision block 1 04 where a determi- 
nation is made as to whether the ACKCNTL signal is 
on. If the ACKCNTL signal is not on, then the receiver 
22 is conditioned to use a normal receive training 
state machine, wherein as discussed hereinabove, 
the antenna 1 4 or 1 6 providing the better signal qual- 
ity is selected after a plurality of antenna slot periods. 
If the ACKCNTL is on, then the receiver 22 is condi- 
tioned to use a short receive training state machine, 
wherein the short training signal is used merely for the 
adjustment of receiver parameters, for example to 
adapt an automatic gain control circuit to effect 
phase training, etc., since antenna selection is not re- 
quired. These adjustments can be effected within the 
duration of a single antenna slot period, rather than 
the four (for example) antenna slot periods needed to 
establish antenna selection. 

In accordance with the above-described embodi- 
ment of the invention, an information packet is trans- 
mitted from a first station 12 to a second station 12 
and the correct reception of the information packet is 
indicated by transmitting an acknowledgement (ACK) 
packet back from the second station to the first sta- 
tion. However, the invention is not restricted to the 
transmission of information and ACK packets, but is 
generally applicable to a wireless communication sys- 
tem having antenna diversity wherein the transmis- 
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sron of a packet from a first station 12 to a second sta- 
tion 12 requires a response packet from the second 
station to the first station, the same antenna system 
being used for the response packet as was used for 
the originally transmitted packet Moreover, the same s 
antenna system can be maintained for the duration of 
a burst of bidirectional packet transmission. For ex- 
ample the first station 12 may transmit a poll packet 
which requires the response packet to be an informa- 
tion packet The poll packet includes a relatively long 10 
training signal portion, utilized to select an antenna at 
the second station. However, the information packet 
transmitted back in response from the second station 
to the first station maintains the same selected anten- 
na system, and thus needs only a relatively short is 
training signal portion. Furthermore, if an ACK packet 
is now transmitted back from the first station to the 
second station, to acknowledge correct receipt of the 
information packet, the same antenna system can 
again be maintained. 2 o 

Another example is where there is a multiple 
packet exchange of messages. Thus a first station 
may send a request to send (RTS) packet to a second 
station which may respond with a clear to send (CTS) 
packet to the first station. The first station may then 25 
transmit an information packet to the second station, 
which responds with an ACK packet to indicate cor- 
rect reception of the information packet Then, if the 
selected antenna system resulting from the transmis- 
sion of the initial RTS packet is maintained throughout 30 
the burst exchange of packets, only the initial RTS 
packet need have a relatively long training signal por- 
tion. 

35 

Claims 

1 . A method of operating a wireless communication 
system including a plurality of stations (12) each 
having a plurality of antennas (14,16), including 40 
the steps of: selecting a first antenna (eg. 14-1) 

at a first station (e.g. 12-1) for transmitting a first 
packet (120) to a second station (e.g. 12-2); and 
selecting a second antenna (e.g. 16-2) at said 
second station (12-2) for receiving the transmit- 45 
ted first packet characterized by the steps of: 
transmitting a response packet (136) from said 
second station (1 2-2) utilizing said second anten- 
na (16-2); and receiving said response packet 
(136) at said first station (12-1 ) utilizing said first so 
antenna (14-1). 

2. A method according to claim 1, characterized in 
that said first packet (120) has a relatively long 
training signal portion (122) and said response 55 
packet (136) has a relatively short training signal 
portion (138). 



3. A method according to claim 2, characterized in 
that said step of selecting a first antenna (e.g. 1 4- 

1) includes selecting a predetermined one of the 
plurality of antennas in said first station (12-1). 

4. A method according to claim 3, characterized in 
that said step of selecting a second antenna (16- 

2) includes selecting as said second antenna (1 6- 
2) the antenna among the plurality of antennas in 
said second station (12-2) having the best re- 
ceive signal quality. 

5. A method according to any one of claims 1 to 4, 
characterized in that said first packet is an infor- 
mation packet (120) and said response packet is 
an acknowledgement packet (136). 

6. A wireless communication system including a 
plurality of stations (12) each having a plurality of 
antennas (14,16) and including antenna select 
switching means (26), wherein first antenna se- 
lect switching means (26-1) at said first station 
(12-1) is controlled to select a first antenna (e.g. 
1 4-1) for transmitting a first packet (120) to a sec- 
ond station (e.g. 1 2-2) and second antenna select 
switching means (26-2) at said second station 
(12-2) is controlled to select a second antenna 
(e.g. 16-2) to receive the transmitted first packet 
(120) at said second station (12-2), characterized 
in that, in response to receiving said information 
packet (120), said second switching means (26- 
2) is controlled to enable the transmission of a re- 
sponse packet (136) utilizing said second anten- 
na (16-2) and said first switching means (26-1) is 
controlled to enable the receipt of said response 
packet (136) utilizing said first antenna <14-1). 

7. A wireless communication system according to 
claim 7, characterized in that said first packet 
(120) includes a relatively long training signal 
portion (122) and said response packet (136) in- 
cludes a relatively short training signal portion 
(138). 

8. A wireless communication system according to 
claim 6. characterized in that said first station 
(12-1) includes first switch control means (32-1) 
adapted to control the operation of said first an- 
tenna select switching means (26-1), in that said 
second station (12-2) includes second switch 
control means (32-2) adapted to control the op- 
eration of said second antenna select switching 
means (26-2), and in that a control signal 
(ACKCNTL) is adapted to be generated in each 
of said first and second stations (12-1,12-2) for 
application to the respective first or second 
switch control means (32-1,32-3), thereof condi- 
tioning the respective first or second station (12- 
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1 , 1 2-2) for the receipt or transmission respective- 
ly of said acknowledgement packet (136). 

9. A wireless communication system according to 
daim 8, characterized in that said control signal s 
(ACKCNTL) is generated in response to the com- 
pletion of the transmission of said information 
packet (120). 

10. A wireless communication system according to 10 
any one of claims 6 to 9, characterized in that said 
first packet is an information packet (120) and 
said response packet is an acknowledgement 
packet (136). 
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(54) Wireless communication system having antenna diversity 

(57) A wireless communication system (1 0) includes 
a plurality of stations (12) each having a plurality of an- 
tennas (14,16). A first packet (120), containing a training 
signal portion (122) is transmitted from a transmitting 
station using a first selected antenna and received at a 
receiving station using a second selected antenna which 
is selected as the antenna giving the best received sig- 
nal quality, determined during the training signal period. 
Following transmission of the first packet, a control sig- 
nal (ACKCNTL) is generated in both the transmitting sta- 
tion and the receiving station to condition these stations 
for the transmission from the receiving station of a re- 
sponse packet (1 36) via the same antenna pair used for 
the information packet transmission. Thus, the response FIC* 1 

packet (136) need have only a relatively short training 
signal portion (138). 
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